Introduction
Frankincense and myrrh are gum resins obtained from the genera Boswellia and Commiphora or Balsamodendron , respectively, both of which belong to the family Burseraceae 1 . The Burseraceae is composed of about 20 genera. It is widely distributed in tropical and some subtropical regions, and is often a dominant constituent of the vegetation in dry lowland areas of eastern Africa 1, 2 . These gum resins have been used as incense in religious and cultural ceremonies since the beginning of written history 3 .
Indeed, frankincense and myrrh were described in Matthew s Gospel: When they saw the star, they rejoiced with exceeding great joy. And when they were come into the house, they saw the young child with Mary his mother, and fell down, and worshipped him: and when they had opened their treasures, they presented unto him gifts; gold, and frankincense, and myrrh. The Gospel According to St. Matthew 2: 10-11 . They were also the most prized aromatic gums of the ancient world and a significant source of wealth in southern Arabia 3 . Their common medicinal properties are recognized in the treatment of inflammatory conditions, some cancerous diseases, and wound healing in the traditional medicines of India, China, Rome, Greece, Babylon, and elsewhere 3 . In the course of our characterization studies of the anti-inflammatory constituents in the gum resins of frankincense and myrrh, several terpenoid constituents were found to inhibit nitric oxide production in lipopolysaccharide LPS -activated mouse peritoneal boswellic acids; BAs 28 , and cembrane-type diterpenes, incensol and related compounds incensols: ICs 6, 15, 25 , have been identified as major constituents and have been considered to be biomarkers of frankincense Fig. 1 .
Chemical constituents of the gum resin of B. carterii
We previously reported the isolation and structure determination of a variety of terpenoids from 80 aqueous acetone extract from gum resin of B. carterii originating in Yemen 13, 26, 27 . This gum resin was extracted with 80 aqueous acetone at room temperature to obtain an aqueous acetone extract 78.9 from the natural medicine . This extract was found to inhibit NO production induced by LPS in mouse peritoneal macrophages IC 50 78 μg/mL 13 . To clarify the active constituents, the following compounds were isolated and identified 13, 26, 27 30 34 . Two of the most well known gum resins, myrrh and guggul, are secreted respectively by C. myrrha Nees and C. mukul Hook. In China, frankincense and myrrh have been prescribed simultaneously, and their combined application was effective and clinically certified 2 . Based on the theory of Chinese traditional medicine, frankincense and myrrh possess similar curative effects, and were primarily applied for the treatment of blood stagnation and inflammatory diseases, as well as for relief from swelling and pain. Some recipes containing frankincense and myrrh were used clinically as antitumor agents for the treatment of liver, pancreatic, and nasopharyngeal cancers, and they exhibited a satisfying curative efficiency 1, 2 . Extracts from the resinous exudates of these plants and/or their constituents have been reported to exhibit antitumor 35 37 , analgesic 38 , anti-inflammatory 32 34, 39, 40 , antibacterial 41 43 , lipid lowering 44, 45 , and neuroprotective properties 31, 46 . Additionally, chemical studies have been isolated a number of sesquiterpenoids, diterpenoids, triterpenoids, steroids, and lignans have been isolated from the gum resins of C. myrrha 47 51 , C. mukul 32 34, 52 58 , C. wightii 59, 60 , C. merkeri 61 , C. indica 62 , C. kua 62, 63 , C. molmol 64 , C. erlangeriana 65 , C. dalzielii 66 , and C. opobalsamum 67 69 .
Chemical constituents of the gum resin of C. mukul
Previously, we reported that the 50 aqueous methanol extract of the resin of C. mukul collected in India exhibited an anti-inflammatory effect on adjuvant-induced airpouch granuloma in mice and, from this extract, two polypodane-type triterpenoids, myrrhanol A 42 and myrrhanone A 43 , were isolated as the active constituents 32 . Furthermore, the methanol extract of this natural medicine 42.5 from the natural medicine was found to inhibit the NO production inhibitory activity IC 50 13 μg/ mL . Through bioassay-guided separation, the following compounds were isolated 32 34 , 4,17 20 -cis-pregnad i e n e -3 , 1 6 -d i o n e 5 3 , 0 . 2 5 , 4 , 1 7 2 0 -t r a n spregnadiene-3,16-dione 54, 0.38 , 16β -acetyloxypregn-4,17 20 -trans-dien-3-one 55, 0.12 , and 3 α -acetyloxy-5α -pregnan-16-one 56, 0.060 , two cholestane-type steroids, 20R,22R-dihydroxycholest-4-en-3-one 57, 0.16 and guggulsterol-I 58, 0.080 , three cembrane-type diterpenes, isocembrol 59 thunbergol, 0.12 , 4-epiisocembrol 60, 0.21 , and mukulol 61, 0.97
, and a lignan, -diayangambin 62, 0.050 .
4 Search for anti-inflammatory terpenoids in frankincense and myrrh 4.1 Inhibition of nitric oxide production in lipopolysaccharide-activated mouse peritoneal macrophages Inflammation is a systemic response aimed at decreasing the toxicity of harmful agents and repairing damaged tissue 70 . A key feature of the inflammatory response is the activation of phagocytic cells involved in host defense, which produce an oxidative burst of reactive oxygen, chlorine, and nitrogen species 70, 71 . Macrophages play major roles in the immune and inflammatory responses involved in host defense. Once activated, they initiate the production of cytokines, oxygen and nitrogen species, and eicosanoids. In macrophages, bacterial LPS is best able to induce the transcription of genes encoding pro-inflammatory proteins. This stimulation results in the release of cytokines and the synthesis of enzymes such as inducible nitric oxide synthase iNOS . The NO radical is known to play a central role in inflammatory and immune reactions 72, 73 . It is synthesized through the L-arginine pathway by three types of nitric oxide synthase NOS : endothelial NOS eNOS , neural NOS nNOS and iNOS. eNOS and nNOS are constitutively expressed at low levels. Under normal physiological conditions, iNOS is dormant in resting cells, but under pathological conditions, it produces a large amount of NO leading to a 10-fold higher levels of eNOS by interferon-γ IFNγ and LPS and plays a dual role in chronic infection, inflammation, and carcinogenesis 74, 75 . Among the isolates from the gum resin of B. carterii, the following were found to inhibit the overproduction of NO stimulated by LPS in macrophages 
Mechanisms of action: effects of iNOS induction
The effects of two characteristic constituents of the gum resin of C. mukul, myrrhanol A 42 and mukulol 61 , on iNOS induction were examined. iNOS was detected at 130 kDa by sodium dodecylsulfate-polyacrylamide gel electrophoresis SDS-PAGE -Western blotting analysis after a 20 h incubation with LPS. We found that iNOS inductions of LPS-activated macrophages was suppressed by compounds 42 and 61 in a concentration-dependent manner Fig. 4 . These results suggest that compounds 42 and 61 inhibit NO production through inhibition of iNOS induction in LPS-activated macrophages 33 . Fig. 3 Chemical constituents 42-62 from the gum resin of C. mukul in our study. Each value represents the mean±S.E.M. (n = 4); asterisks denote significant differences from the control group, *p < 0.05, **p < 0.01.; #cytotoxic effects were observed, and values in parentheses indicate cell viability (%) in MTT assay.
Conclusion
In this review, current studies of frankincense and myrrh, two important natural incense materials, have been summarized. We focused in particular on the terpenoid constituents in frankincense and myrrh and their anti-inflammatory activities, which are the basis for their traditional use in India and Arabian countries. We isolated eight monoterpenes, a diterpene, and 32 triterpenes from frankincense 1-41 , and eight triterpenes, seven steroids, three diterpenes, and a lignan from myrrh guggul 42-62 . Several isolates inhibited LPS-activated NO production in mouse peritoneal macrophages, a marker of anti-inflammatory activity. Among the isolates, the following showed relatively strong activity: lup-20 30 -ene-3α ,29-diol 22, 
15
Each value represents the mean±S.E.M. (n = 4); asterisks denote significant differences from the control group, *p < 0.05, **p < 0.01.; # cytotoxic effects were observed, and values in parentheses indicate cell viability (%) in MTT assay.; commercial L-NMMA, GED, and CAPE were from Sigma-Aldrich Chemical Co., LLC. (St. Louis, MO, USA). Based on the evidence collected , these active terpenoids may be useful for the treatment of various inflammatory diseases.
